The aim of this study is to show whether contract production between seed and food potato producers lessens market uncertainty, reduce welfare losses for both parties and increase efficiency in the entire potato chain. These problems were approached from the point of view of the principal-agent theory combined with different contract models. Results indicate that no contract model provided seed potato producers with average positive net profits, and profitability ratios for seed potato farms stayed below one. The results indicate that seed potato producers trading on a fixed-price and pre-emptive market could sell their seed potato for 13 per cent less than on a transaction market, but with equal net profits. The more consistent supply chain leads to less market uncertainty. If the food potato producer was not party to the contract, there was no marked decrease in market uncertainty. With contract production the needs of contract parties could be controlled, but it will be up to the objectives of the party offering the contract, which party in the potato chain most benefits from the contract production.
Introduction
The use of high-quality seed potato is an important factor when striving for good potato yield and highquality food potatoes are desired (Tuomisto 2003) . The food potato producer can either use certified seed potato in planting or supplement the farm's own seed with the certified seed potato. The sizes of potato crops fluctuate annually. The yield of the potato crop has a strong impact on the price of food potato and on the demand of seed potato. According to Jalonoja (2001) , when the potato crop is increased by 10 percent, the potato price decreases by 20 percent. As the price of potato decreases, the food potato producer will be more inclined toward using the relatively less expensive seed of the farm for planting than purchasing certified seed (Redman and Redman 1981, Gravelle and Rees 1992) . When the price of potato is high, food potato producers tend to sell all potatoes as food potatoes and purchase all seed from seed potato producers. Therefore, the demand for certified seed varies, causing the most demanded seed potatoes to be sold out in certain years, while there is excess supply of seed potatoes in other years. In case of excess supply, potatoes that qualify as seed potato must be sold as food potato or waste potato at a price lower than the production cost, which, in turn, means higher seed potato prices to the food potato producers.
Numerous researchers have shown that variability in profits of market participants has been prevalent in commodity marketing chains in recent years (Knoeber and Thurman 1995, Martin 1997) . For example Anderson (1973) used the variance of an economic variable as a proxy for risk regarding that variable. Building on Anderson's notation of risk, Kuwornu et al. (1994) conceptualised risk shifting in Dutch potato marketing channels as changes in the variance of the profit of one stage (farmers) relative to changes in the variance of the profit of another stage (marketing firms). Kuwornu et al. (1994) examined risk shifting in a food supply chain between the farmers (agent) and the marketing firms (principal) by applying the classic agency model to a sector level time-series data set. They investigated risk shifting in a channel for two cases: the case when trading futures contracts, and the case without futures trade.
The aim of this study is to show whether contract production between seed and food potato producers would reduce market uncertainty, improve the benefits to the parties of seed potato trade and increase the overall efficiency of the potato chain. The aim was to identify the central problems in the seed potato market, discuss the meaning and extent of collaboration and determine how the price risk and market uncertainty can be reduced with contracts. It was also studied how contract production can be used to develop incentives that would create positive effects for the parties. These problems were approached from the point of view of the principal-agent theory combined with different contract models (Salanié 1997 ).
Data
The research data for the study was collected from representatives of different varieties of seed potato and from seed potato marketing companies. The primary data for the research were obtained by means of depth-interviewing the companies Northern Seed Potato co., Raisio Potato Industry, Seed Potato Centre, Saarioinen and Estrella. Furthermore, data were collected by interviewing four seed potato producers that only purchase the registered seed from a variety representative (i.e., such that do not have a production contract with the variety representative). Farm-specific data were collected from 49 seed potato farms from around Finland. Based on the data obtained through the deep interviews, farms producing seed potato were divided into five categories based on their agreements: transaction, vertical integration, franchising, network agreement and advancement trade agreement. Figure 1 presents the vertical connections between the various agents on a transaction market-type seed potato market. The seed potato producers have an agreement with the marketing company (variety representative) on the marketing of seed potato. The total monetary amount of the sold seed potato is divided by the seed potato weight in kilograms produced by contract producers. The average price of seed potato thus obtained is paid by the marketing company to each producer of seed potato according to the seed potato kilograms they have produced, which have been inspected and deemed suitable as seed potato. The data of the inspected seed potato quantity packed by the cultivators used as the basis for the payment are obtained by the marketing company from the Finnish Plant Production Inspection Centre.
Transaction
The seed potato producer stores, prepares for sale and packs the cultivated seed potato, has it inspected, and pays the inspection fees. The buyer of the seed potato (the food potato producer), pays for the seed potato only after the delivery to the marketing company. The seed potato marketing company pays the average price obtained for the seed potato to the seed potato producer, while the seed potato producer pays the marketing company a royalty and marketing fee for the sold quantities. The ellipse presented in Figure 1 with the dotted line presents the production agreement between the seed potato producer and the seed potato marketing company. The agreement does not extend to the food potato producer. 
Basic seed
The agreement does not extend to the food potato producer. On the transaction market basis works 41% of Finland's seed potato market. The transaction market functions in a market-oriented way, where each agent attempts to maximize their own benefit. The seed potato marketing company is a principal offering an agreement to seed potato producers. The marketing company sees to the marketing and sale of the seed potato and attempts to prevent competition between contract seed potato producers.
Vertical integration
The seed potato producer has an agreement with the principal that perfectly commits both parties in vertical integration. The principal provides the seed potato producer with almost all input, including the base seed, fertilizers, pesticides and packing materials and pays for all plant inspection fees. The price of the base seed to the seed potato producer is subsidized so that the seed size notwithstanding the seed cost per hectare would be equal. When buying the input for all contract seed and food potato farms, the principal can acquire the input at a lower cost than if each agent were to buy them directly. The average discount attained in joint pesticide purchases is approximately 15%.
The principal purchases the entire crop from the seed potato farms. The crop is warehoused at the seed potato farm's own warehouse. The seed potato producer sorts the potato to two sizes and the principal pays the predetermined kilogram price for the seed potato. Also oversize and undersize potato not qualifying as seed potato, as well as the sorting waste, are delivered to the principal, who also pays for them at a predetermined price. The principal attempts to slightly oversize (objective 10%) the seed potato production in comparison to the seed quantity required by the food potato producers. With this, the principal attempts to secure the availability of reasonably priced seed potato with different crops regardless of fluctuations in the crop. The principal's price control also aims at the seed potato producers producing larger seed.
Both, the seed potato producers and the food potato producers, as well as distributors and retailers, are included in the agreement. The marketing company acts as the principal that offers an agreement to the parties. The principal supervises the farm's operation and provides instructions and advice on carrying out the production at the farm. On the vertical-integration agreement model works 26% of Finland's seed potato production.
The vertical integration agreement is common in food potato industry and is centred at the marketing company. With the agreements, the principal attempts to secure the availability of high-quality seed and food potato and also secure the market all the way to the retail stores. The producers of seed and food potato can ensure the demand for the potato with the agreements, while the retailers can secure the availability of potato at a fixed, predetermined price. The marketing risk is transferred entirely to the principal.
Franchising agreement
The seed potato producer has an agreement with the principal that perfectly commits both parties in franchising agreement. The seed potato producer only acts as the farmer of the potato crop. The seed potato is delivered after harvest in the autumn to the principal's warehouse, and the principal pays a fixed, predetermined price for the raw seed potato quantity. The seed potato is sorted at the principal's warehouse to two size groups, but the farmer is paid the same fixed price per kilogram regardless of the seed size. The seed price is only paid, however, up to 24 metric tonnes per hectare, while the excess is remunerated at the price of food potato on the free market at the time of delivery, yet not more than the price of seed potato. The principal delivers all input to the seed potato farms. The seed potato producers and the seed potato marketing company do not have an agreement with food potato producers on the production of seed potato, and therefore the price and previous experiences transfer information in the vertical marketing chain. The franchising agreement model is centred at the seed potato producer. By centralising the packing functions to large units, fixed costs can be reduced. The marketing risk is transferred entirely to the principal. The franchising agreement reduces competition between seed potato producers.
The production agreement is founded between the seed potato producer and the seed potato marketing company. The agreement does not extend to the food potato producer. An agreement of this type covers 11 percent of Finland's seed potato market and is centred at the seed potato producer. The marketing company acts as the principal that offers an agreement to the seed potato producer. The principal supervises the farm's operation and provides instructions on carrying out the production at the farm.
Network agreement
The seed potato producer has an agreement with the principal on the production of seed potato in network agreement. The price of the seed potato is agreed upon prior to the planting of the seed potato. The seed potato producer warehouses and sorts the seed potato as well as prepares it for sale at the producer's farm. The principal pays the remuneration for the seed potato in April, when the seed potato goes directly to food potato farms that have a contractual relationship with the principal. The price of the base seed is subsidized so that the price is always the same to the seed potato producer regardless of the seed size. This agreement model is typical to the food potato industry.
A network agreement covers eight percent of Finland's seed potato market. A network agreement is almost similar to vertical integration but is less committing to the parties, more centred at the refiner, and the quality criteria for seed potato are lower. The principal does perceive it a great loss if a seed potato producer rejects an agreement offered to the producer. An agreement with the distributor and the retail stores are more important to the principal than an agreement with the seed potato producers.
Advancement trade agreement
The seed potato producer acts as the principal, offering food potato producers an agreement on the trade of seed potato at a predetermined price in advancement trading of seed potato.
The seed potato producer sorts the potatoes to two seed size groups. A fixed price is negotiated with the food potato producers for these size groups prior to the planting of the seed potato.
The payment for the seed is not, however, made until after the delivery of the seed potato. The food potato producers commit themselves to purchase the entire seed crop from the seed potato producer. If, due to crop failure, the seed potato producer cannot deliver the agreed-upon seed quantity, the seed potato producer has no liability to compensate. The seed potato producer has an agreement with the variety representative on the delivery of the base seed to the seed potato producer. The seed potato producer pays the variety representative a royalty and variety representation fee on the sold seed potato quantity. The variety representative can check the sold seed potato quantities from the Plant Production Inspection Centre. According to the research material, an advancement trade agreement covers 14% of Finland's seed potato market.
Methods
Based on Salanié (1997) and Kuwornu (2004) , there is a theoretical foundation on how the market uncertainty of potato production affects on whether food potato producers purchase the certified seed or use farm-saved seed. In this section implementation is carried out as follows: First, the volumes certified as seed potato were determined. Next quantities that variety representatives or organizations acting with the variety representatives' licence had had cultivated in 1997-2000 were determined. Then, it was surveyed how big a share of potato qualifying as seed potato was used as something else than seed potato, what each organization's price of the seed potato to food potato producers is, and what was the average price paid to seed potato producers, considering that part of the seed potato crop that was used as something else than seed potato. Thus, the market uncertainty in the various seed potato producer organizations was solved. After this, farm models for two farm sized, with 15 (farm model A) and 30 (farm model B) hectares of seed potato, were devised to suit the business budgets (see also : Turunen 2001) , and it was determined how contract production affects the income, profitability and liquidity of the farms, and what the motives and (tubers ha -1 ), obtained from the planting distance a i (cm) and spacing b i (cm) of each variety and seed size, with the seed weight z i (g per unit) and by multiplying the result thus obtained with the average deflated seed sale price w it (cents kg -1 ) of 2000, considering the share of seed produced with each of the contract models in the different years, k it (k = 0,…,1, i.e., Sk = 1) in the various seed size classes (I = 1…n) and by dividing the sums hence obtained with the number T of years (t = 1,…, m) inspected.
Results

Adverse selection problem
The possibility of a food potato producer to use noncertified seed as the seed causes market uncertainty for the seed potato producer. Seed potato producers in the transaction market faced the market uncertainty problem. For example, during the growing year 2000, only 65.4 percent of qualifying seed of the total gross crop of 24 tonnes was sold as seed. The remainder was sold as food potato or waste potato at prices lower than the production cost of seed potatoes. Figure 2 illustrates the effect of food potato price on the selling price of seed potato and the price received by seed potato producer in the transaction market. The higher the difference between the seed's selling price and the average price received by the seed potato producer, the higher a share of seed potato is sold to non-seed use. The difference of seed potato's selling price and the average price received by the seed potato producer clearly correlates with the price of food potato. The lower the price of food potato, the higher the difference of seed potato's selling price and the average price received by the seed potato producer and, consequently, the higher the uncertainty in the seed potato market. The correlation coefficient between the price received by the seed potato producer and the price of food potato is 0.93 for small seed size and 0.81 for a larger seed size for the period 1997-2001.
restrictions of the various parties are in increasing and developing contract production (Uusitalo and Pietola 2001 used similar research method by their study on Contracts in the Finnish hog farms).
The profitability of seed potato production in the various contract models (the benefit for seed potato producer in the various contract models) was inspected with net profit calculations (1) and profitability coefficients (2):
The average net profit p in the various contracts is an average subtraction between sum of total returns and sum of total costs plus sum of total support in the contracts. When we ignore share of value of farmers own workload l and capital interests r from the net profit, we can achieve share of the agricultural income a by sum of value of farmers own workload l and capital interests r, we can achieve profitability ratio R of seed potato producer in the various contracts. When we sum all profitability ratios and divide the sum by years T our study, we can achieve an average profitability ratio. The benefit of a food potato producer in the contract production of seed potato cannot only be measured by the price of seed potato, as the various organizations offering seed potato produce different sizes of seed. The seed cost of a food potato hectare is a better indicator of benefit of a food potato producer. The seed cost of a food potato hectare can be calculated by the following formula: ), has been calculated by multiplying the required seed quantity
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On the transaction market, the fluctuation of the price of food potato strongly affects the profit fluctuations and uncertainty of seed potato production and, subsequently, the profitability. The profit fluctuation could be reduced with contract production. Figure 3 illustrates the net profit of seed potato production and the earnings with different contract models on the farm with 15 hectare of seed potato in the crop years 1997-2000. In no contract model could the seed potato producer attain positive average profit in 1997-2000. Only in the crop year 1998, when the price of food potato also was higher, could seed potato producers active in the transaction market attain positive net profit. The greatest net profit fluctuation between the different years occurred in the transaction market.
Despite the increased market price of seed potato caused by the crop failure year 1998, positive net profit was not attained on the transaction market during the inspection period in either of the farm models (Table 1, Fig. 4 ). Also the earnings from work remained lower at the transaction market than in the vertical integration and franchising agreement models. The exceptionally low crop of 1998 resulted in dramatic decrease of income to farms working with a network agreement, as the producer could not benefit from the profits brought about by the high market price. With the network agreement model, the cumulative net profit for the crop year 1998-1999 decreased rapidly, in particular if the profits accrued are compared to the net profit of seed potato farms that acted on the transaction market in the same year ( Euros per 100 kg Selling price of the smaller seed size for the food potato producers.
Selling price of the larger seed size for the food potato producers
The average price received by the seed potato producer for the smaller seed size
The price received by the seed potato producer for the larger seed size Farm price of food potato, where the dotted line illustrates the price shock caused by early potato price. 4). The lowest net loss was attained through the franchising model, where the seed potato producer only acts as the cultivator of seed potato for the principal and the principal stores the potato in its own warehouse (Table 1) . Table 2 presents the euro-difference of seed potato cost of food potato producers and the ratio between the various contract models compared to the hectare-specific seed cost formed with seed purchased from the transaction market. The higher the ratio, the higher the food potato producer's benefit is with the seed cost from the contract model. The table also presents the average net profit of the crop years 1997-2000 obtained by seed potato producers with the various contract models and the euro-difference and relative difference of the net profit of the various contract models compared to the transaction market. The higher the ratio, the higher the seed potato producer's benefit is from the contract model.
Results in Table 2 indicate that no contract model provided seed potato producers with average positive net profits, and profitability ratios for seed potato farms stayed below one. Only farms with 30 hectare of seed potato show profits equal to other branches of agricultural production. The profitability of farms increases in proportion to farm size. Production costs per kilo of seed potato produced were 8.8 per cent lower for farms with 30 hectare of seed potato than for farms with 15 hectare of seed potato on the transaction market. Result is parallel than in early study done by Turunen 2001 , if only Turunen achieved smaller difference between farm models. Furthermore net losses were smaller by Turunen 2001, because he has excluded effects of market uncertainty on his study.
The opportunity cost of the agreements is manifested as the profit of the different agreements for both the seed potato and food potato producer. The opportunity cost is presented in Table 2 . The research problem in this research was that each company that markets seed potato only has one type of agreements. The companies form a local monopoly, which makes it difficult to change the agreement type. 
Moral hazard problem
In this paper moral hazard illustrates situation, where some of the agents (seed potato producers) not adhere to an agreement. Figure 5 illustrates food potato price in the transaction market and seed potato prices in the fixed price contracts. In Figure  5 the dotted line for the selling price of seed potato refers to advancement trade executed with forward pricing at a time when no potato crop to market exists. The large dot is the time of delivery of seed potato to the food potato producer. Whenever the price of food potato is higher than the price of seed potato, it may be tempting for the seed potato producer to sell seed potato as food potato in breach of contract. Table 3 and Figure 6 illustrate effect of the moral hazard for the accumulating net profit of the seed potato producer in the fixed price contract production. In the case of moral hazard is assumed that seed potato producer sell 10 percent of seed potato crop as food potato and principal who has offered contract can not monitor action on the seed potato producer. Table 2 . The euro-difference of seed potato cost of food potato producers and the ratio between the various contract models compared to the hectare-specific seed cost formed with seed purchased from the transaction market in the crop years 1997-2000. 
Conclusions
Results of this study indicate that no contract model provided seed potato producers with average positive net profits, and profitability ratios for seed potato farms stayed below one. Only farms with 30 hectare of seed potato show profits equal to other branches of agricultural production. The profitability of farms increases in proportion to farm size. Production costs per kilo of seed potato produced were 8.8 per cent lower for farms with 30 hectare of seed potato than for farms with 15 hectare of seed potato on the transaction market. According to the study, the lowering of seed potato price does not alone increase the long-term demand of seed potato but also contract production is required to stabilize the demand for seed potato.
Seed potato producers working with fixed-price advancement trade can sell seed potato at a price 13 percent lower than without the agreement -without decreasing the profitability of seed potato production. Kuwornu et al. (2004) reached similar results in Dutch potato marketing, albeit margin of the profits between advancement trade (future marketing) and without agreement (spot marketing) is even greater. The more consistent the supply chain is, the lower the market uncertainty and also the lower the possible price of seed potato. To reduce the market uncertainty of seed potato, the food potato producer should be a contract party in the chain. An agreement between seed potato producers and the seed potato marketing company alone hardly reduce the market uncertainty. Crop years and months
Euros per 100 kg
The price received by the seed potato producer for the smaller seed size in the vertical integration contracts.
The price received by the seed potato producer for the larger seed size in the vertical integration contracts
The price received by the seed potato producer in the network contracts
The price of cultivating of seed potato in the franchise Farm price of food potato, where the dotted line illustrates the price shock caused by early potato price. Table 3 . Effect of the moral hazard (M) for the cumulative net profit of the seed potato producer in the fixed price contract production in a farm of 15 seed potato hectares 1997-1998 1998-1999 1999-2000 2000-2001 Cumulative net profit (Euros per farm) It is possible to add factors that increase the production cost of seed potato to contract production. This is then compensated to the seed producer in the price of the seed potato. An example of this is when the party offering the contract wishes the seed potato producer to use a production effort or method that the seed potato producer would consider too expensive and would not perceive a benefit from it. It is also possible to include collective purchases of production efforts in contract production so that even smaller contract-production farms can enjoy the least expensive production effort prices. Cost compensation linked to contract production can, however, cause moral hazard problem; the seed potato producer can sell the seed potato as food potato in violation of the agreement. Whenever the price of food potato is higher than the price of seed potato, it may be tempting for the seed potato producer to sell seed potato as food potato in breach of contract. Contract production can be a means to control the needs of the various parties to the contract but it will be up to the objectives of the party offering the contract, which party in the potato chain most benefits from the contract production. The companies form a local monopoly, which makes it difficult to change the agreement type.
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SELOSTUS Sopimustuotanto siemenperunan markkinahinnan vakauttajana
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Korkealaatuinen siemenperuna on tärkeä tekijä, kun tuotetaan satoisaa ja hyvälaatuista ruokaperunaa. Ruokaperunantuottaja voi käyttää istutukseen joko sertifioitua siemenperunaa tai siitä yhden kerran lisättyä tilan omaa siementä.
Perunasatojen suuruus ja ruokaperunan hinta vaihtelevat vuosittain. Ylituotantotilanteessa ruokaperunantuottajat käyttävät siemeneksi mieluummin oman tilan ylijäämäperunaa kuin hankkivat siemenet siemenperunantuottajalta. Kun perunasato on ollut huono ja perunan hinta korkea, ruokaperunantuottajat sen sijaan myyvät koko sadon ruokaperunaksi ja ostavat enemmän sertifioitua siementä. Tämän vuoksi sertifioidun siemenen kysyntä vaihtelee ja joinain vuosina kysytyimmät siemenperunalajikkeet loppuvat kesken, kun taas toisina siemenperunasta on ylitarjontaa. Ylitarjontatilanteessa siemeneksi kelpaavaa perunaa joudutaan myymään ruokaperunaksi tai jäteperunaksi tuotantokustan-
